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ABSTRACT 

This paper draws on new data from four recent 
surveys, and outlines national and state indicators on three key 
questions concerning progress in science and mathematics education: 
(1) Are students receiving more instruction in science and 
mathematics now than 10 years ago? (2) Has the supply of qualified 
teachers in science and mathematics improved? and (2) Are students 
learning more science and mathematics? Data and findings from the 
national transcript studies of high school g::aduates conducted by the 
National Center for Education Statistics (NCES), the National 
Assessment of Education Progress (NAEP) assessments in science and 
mathematics, the council of Chief State School Officers* State 
Indicators of Science and Mathematics Education, and the NCES Schools 
and St.affing Survey were used to address these questions. The 
analyses show that some improvements have t>een made in all three 
areas* High school course enrollments in science and mathenuitics have 
risen significantly. Scores on the NAEP science and mathematics 
assessments have increased since 1982, particularly for students at 
ages 9 and 17; however, the level of student proficiency is still too 
low. In mathematics, U.S. students score below the level of 
proficiency that is expected for their age and grade level. There is 
wide variation by state in course enrollments and student 
achievement. Most states have not experienced shortages of science 
and mathematics teachers but this general picture can mask shortages 
of teachers with strong preparation in science and mathematics as 
well as greater teacher shortages in school with more poor and 
minority students. (45 references) (KR) 
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HAS SCIENCE AND MATHEMATICS EDUCATION 
IMPROVED SINCE A NATION AT RISK ? 

Trends in Course Enrollments, Qualified Teachers, and 

Student Adiievement 



Rolf K Blank and Pamela Engler 



Improving student learning in mathematics and science 
is a high priority for our elementary and secondary 
schools. The national educational ^xJs of the President 
and governors, set in 1990, state that science and 
mathematics achkvement Ammcan high school 
graduates will be first in the world by the year WOO. In 
September 1991, the National EduoOion Goals Panel 
recommended measures to be used in tracking progress 
toward the goal and reported baseline data on several 
measures. The Panel set h^ ejqpcOadons for 
improving the quality of science and miohematics. As 
policymakers and educators plan initiati\^ for workmg 
toward Goal 4 on science and mathematics achievement, 
it may be helpful to assess the progress that has been 
made over the decade in response to the calls for 
education reform in the early 19S0's. 

National Commissions and State Policy 
Reforms 

In the earfy 1^0*$ many national and sUte r^>orts made 
recommendations for reform of our ^ucation systtm 
(National Commission on ExoHqtu^ m Education, 1983; 
National Sdenee Board Cdmmis^on on FrecoUc]^ 
Mathematics, Science, and Technology Education, 19S3; 
Task Force on Education for Econc^nic Growth, 19S3; 
Twentieth Century Fund, 1983)* The report of the 
Naticml Commission on Ea^Uence m Educatbn, ^ 
Natiou at Risk; The Imperative for Education Reform, 
received the most attenticm and resprase. The 
Excellence Commisdon deplored a 'rising tide of 



mediocrity' in our ^ucalion system and identified 
specific problems in the areas oi science and 
mathematics. The report ncMed the poor i^formance 
of American students on international assessments in 
science and mathematics, dedixung average scores on 
national achievement t^s, and the relatively small 
amount of science and mathematics instruction received 
by the average American student* The E?a:ellencc 
Commission recommcmded that tiuee mathematics and 
three science ciurs^ be required for high school 
gradwdon and that science be made a "new basic* in 
elementary school 

National commission reports also highlighted the 
problem of uaderqualifi^ teachers in scienci; and 
mathematics and impendii^ teacher shcrtagos (Naliooal 
Science Board, 1^; Carnegie Forum on &^ucation and 
the £cx)numy, 1986). In tt^ early 1%0's national oqperts 
saw a major j^olMem in insufifkient preparation of 
teachers in scknce and mathematics, particularly at the 
elementary and middle school levels ^Johnston and 
Aldridge, IS^), Other d^ shiwed that many well- 
qualified science and m^ematics teachers were leaving 
teaching, few new graduates m science and mathematics 
vtCTt going into teaching, and many science and 
mathemattcs teadbers would be retiring in the 1990's 
(Aldrich, 1983; Darling-Hammond, 1984). 

Rx^ K. Blank b Diitctm t4 Ite Sckncr and Matbematics Indicatoxs 
Prefect at tbe Counc^ Ptaseto Eog^r ts an Educational Pclky 
Analyst io the Florida DcpaitnMuit of EdMatton. 
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States took the lead in re^xHidiiig to A Nafe>H at 
and crther natk^ial cfflnmbskm repom (Natkmal 
GovmK»:s Assocutko* St^ iiu:reased cra^ 
ore^ requirements for gradumkm (partknlarly in 
mathematics and sciei]^), rai^ standaixb i^n: te^dbor 
prq^ffdSkm^ mailed tcadier tests tm ocrtifcatMMi, set 
hij^r levels for teacbn pay, devebped state cwiknlum 
guiiteli]^ md fidmcwmks, and established new 
statewide student assKsments (Blank and Espenshade, 
1988; Goertz, 1988; CCSSO, 1989). 

Stsdies of State Reforms, Debate has arisen ronceming 
the effects of the state policy initiatives on education 
reform at the district, school, and classroom levels. One 
ai^ument is that tb;: stale policy chan^ do mA haw 
sutstantial or lasting effects on how schools are 
oigamzaed, on the curriculum that is actually taught in 
classrooms, or on how teachers teach (Fuhrman et al, 
1988; Firestone, et aL 1989; Smith and O'Day, 1991; 
David, et al, 1990). Ancdher posidon is that state policy 
relbrms did increase the amount of time spent on coi^ 
academic sidijects and improved student learning of 
basic skills, but that teaching and learning of higher 
or<kr thinking skills m^e not advanced (Qune et aL 
1989; ETS Policy Information Center, 1990). Scmie state 
pdicymakers argue that^ while there is evidence that 
state reforms have produced improvements in science 
and mathematics education, more need*^ to be done. 
(CoonectictU Department of Education, 1989; Honig, 
1990; California Department of Education, 1991). 

Much of the debate about effects state policies is 
based on analyses of education reforms is one state or 
a small number of states. National and state-by-state 
data are now available for assessing state policy reforms. 
This paper summarizes some of the evidence concerning 
key indicators of change in science and mathematics 
education 

Three que^-^tions are addressed: 

(1) Are : tbderos reo^mng more in^ruOion m science 
and naaihcmatlcs mm than 10 years ago? 

(2) Has the supply of qualified teachers in sden^ 
and mrd%ema!ics unproved? 

(3) Are students leaiiiing more science and 
moihemailcs? 

Data and findings from fow souri^ are used to address 
these qu^ons: National transcript studies of high 
school graduates conducted the National Center for 
Education Statistics (NCEd), the National As^ssment 



of Educational Process (NAEF) assessmects in scknce 
and marhtmaticsy tte C&ondl of duel St^ School 
Officers' Slate Imlicators of ScicMe aiui Mathmaiics 
Education, and the NCES Schods and Staffing Survey. 

h Are Students Receiving More Instruction 
in Science and Mathematics? 

Oi^ of the CMomon response from state legislatwes 
and ^e boards of educ^on to qdk for state education 
3^c»rms was to raise course credit requirements in 
science and nuohematics* From 1!^ to 1!^, 43 states 
imxeased mathematics course requirements for 
graduation and 40 stat» increased science requirements 
(Educatira Qnnmi^on of the States^ 1984; Blank and 
Espenshade, 1988). The number of ^t^ mandating or 
recommending a specific amount of time for science and 
mathematics instniOicns in elementary grades increased 
to 26 states by 1987 (Blank and Espenshade, 1988). 
One way of measuring the effect of this policy approach 
for improving science and mathematics is to determine 
the extent of change in student course taking in science 
and mathematics. 

Rates of course enrollments 1^ cour^ level mdicate the 
proportion of students advancing through the secondary 
science and mathematics curriculum. The rate of course 
taking in science and mathematics is also an important 
indicator because of the relationship between course- 
taking and student kammg in these subjects. Research 
with large national surveys and intematicmal surveys 
(e.g.. National Assessment of Education Frogr^ 
National Louj^tudinal Study, High School and Beyond, 
Second lEA Mathematics Assessment) demonstrates 
that there is a direct, positive relationship between the 
amount of elementary instructional time and secondary 
a>ui^ takii^ in science and mathematics and the rate 
of ^dent learning in these subjects (Jones, et aL, 1986; 
Doss^y, et aL, 19SS; MulUs, et aL, 1988; Rock, et al^ 
1985; McKnigbt, et aL, 1987; National Center for 
Edi^tion Stati^ics, 1991b). Wan>erg conducted a 
quantitative ^nthe^ of 3,000 studies and identified 
instn^tional time as one of the nine "productive factors* 
in teaming in schools (1984). Sebring found a pc^ve 
relationship between science and m^ematics course 
taking and College Board achievement test scores for 
students in Cahfomia and New York (1987). 

State-by-st&ie course takii^g data were collected in 19S9- 
90 and reported by the Council of Chief State School 
Officei^ (CCSSO) through a system of state indicators 



(Blank and DaUdlic, 1990)^ Nioional trends in high 
school course enrollments can be assessed by comparing 
the ISKK) data with data from transcripts ^ natkmally 
repre^ntative samph^ of hi^ sdu>oi senicMrs in 1^ 
(Hi^ School and Beyond Study) and 1987 (National 
Transcript &iidy) (Kdstad and nioffra, IS^). 

o Enitdlraeirts increased in sd^m and mathematics 
*'^tek££pei' cimrses fitmi 1^ to 199(L 

students taking al^dbn 1 the time th^ graduate 
increased frcmi 65 percent in 1^ to 81 percent in ^90, 
the percentage taking al^bra 2 wcsa from 35 pa^a to 
49 percent, and caloihis enrollments increased from 5 
percent to 9 percent Tlw percents^ ctf studoil^ taking 
first year biology tl^ time they graduate increased 
from 75 percent in 1982 to 95 percent in 1990, the 
percentage takicg chemistry went from 31 percent to 45 
percent^ and pb^ics enrollments increased from 14 
percent to 20 perceitt. Enrdlments increased at all 
levels of high school ^ience and mathematics during the 
19S0*s, Rates increased more in lower te^l a>urse&» such 
as algebra 1 and biology, than in upper level courses* 



Trends in Course Taking in Science 
and Mathematics 





% Students 
Enrolkd 
19S2 


% StwteBts 

EOK^ 

1990 




65% 


81% 


Algebra 2 


35 


49 


Calculus 


5 


9 


Bkiogy, Isi Year 


7S 


95 


Oicsiistiy 


31 


45 


Phjisks 


14 


20 



Hig}i Schoo] and Beyrad data fbf 1^ Ki^stad aod 
Thome, 19^, State data for 1990, Blank aj»l Daildlic, 
1990 



o EnroMinents in science and matheixiatics vaiy widc^^ 
1^ state* An ocample of state*to*state differences in 
course taking is the variation in the proportion of 



1 In Uie l%9-90 school ytar, 38 slates coSteted asd ftported data 
on tnn^toents m sckace and mathcnuttks of pubiic school fiudems 
ifl gjadfis 9^12 States repofied the dau to CCSSO ittbg 
icportiog cat^osrita which ftovidt the basis for state-to^te 
compaite»»* CCSSO f«seardiexs used ^ti^kal analyses to c 
DatiCDal cstimattts bom tl» state data. sconce and fflathematks 
iiK&ators wtte developed thit^i^ siii^xnt of titt Natkmal Scmioe 
FbundatioD^ Office of Studies, Evaluatkm, and Dissemination. 



Students tatdng al^selmi Z In Montana, 65 percent of 
students take algetoi 2 while in Hawaii raly 33 j^rt^nt 
take matlramatks at this levd. As of 1989-90, 20 of 38 
^ates repeated more than SO percent of students take 
a^geteiZ Tk^ im>porticHi of students taidng chemistry 
by the tinu; tl^ graduate varks from 62 p»oent in 
Connet^cut to 26 percent m Idaho. As of 1989-90, 11 
of 38 s^es repcmed mote than SO percent df studenU 
taking chemistry (Blank and Dalkilic, 1990). Tables 1 
and 2 (attached) provide ^e*by-state data on course 
^iroUmeitts fm three levels of high school science and 
miat^ft"* ^ tH*^ f 

o G«flerdiIIeKnces in course taking an^ at advanced 
tevels. Sixteen antes reporU^ science and mathematics 
course enrollments by student gender in 1989-90. The 
data from these slates s1k>w that rates of course taking 
are equi^ent for male and female students from junior 
high courses up through tr^onometry (in mathematics) 
and chemi^ (in science). Difierences o<xur m the 
£uivanced coui'ses. On average, boys compise 55 
percent of enroUees in calculus and 60 percent of 
^wollees in phy^cs; girls comprise 55 percent of 
enrdl^ in advanced/second year biology (Blank* and 
Dalkilic, 1990). A a)mpanson of the state figures to 
national statistics from 1982 (Kolstad and Thome, 1^9) 
^ows that the n^e at ^ch girls take advanced 
mathematitt and physics inaeased about three percent 
during the 1980's* 

o Fbrtidpation in science and mathematics diOers 
widely by student race/etbniclty. Data from the 
naticmal transcript study in 1987 show that science and 
mathematics enroUments are highest for A^an students 
and lowest for African*American and Hispanic students. 
For examp^ the percentage of students taking algebra 
2 were: AMan-67 j^rcent, white 52 percent, African- 
Am«ican-32 perceitf, and Hispanic-30 percent. T^ie 
percentage of students taking chemistry were: Asian-70 
percent, white-4S fx^rcent, African-American-30 
percent, and Hispanic-29 percent (Kolstad and Thome, 
1989). 

o Sdence and mathemati^ enrollments as of 1990 are 
below rfcommendatitms of Excellence Commission. 
EnroUmt nts in science ?nd mathematics increased in the 
1980*$ but the rate did not, i^ch the level recommended 
by the National Commisuon on Es^llence in Education. 
Thc^ 49 percent rale for algebra 2 in 1990 indicates ibe 
proportion of graduates that take three years of high 



sdiod mathematics, since algetaa 2 is typically the third 
course in the high school mathematics curriculum. The 
45 percent mc for chemistry in 1990 iz^c^ the 
propartkm of students wiu> talce three years high 
school science. Thus, by 1990 not quite half <rf 
Amerkan graduates met the standard for high school 
scbiKs and mathematics recommendai by \i» 
Exceltence Commissi<m.' 

9 Lai^e high school enroUments in lower level 
BwthtiB;<tia OMirses. In the fall ctf 1989, 84 percent 
an ^ttdciits m grades 9-12 were taldng a course in 
ma t hem ati cs. Over one-fourth of the students (27%) 
were taking a course at a level priw to al^bra 1, ie^ 
goteral m a t hemati cs, vocational/busiiKss twath^ntiCT, 
or pre-^lgel^ (Blank and Dalkilic, 1990). Thus, to 
meet ^e gradiuttitm requirements, many students are 
takiqg m a them a tic s com^ which are genially not in 
the hjgh school mathematics curriculum. 

o States with higher requirements have more overall 
cimrse takii^ in science and mathematics and sli^tly 
mine upper level course taking. The data on coune 
taking confirm th^ the amouiU of sconce and 
mathf- mat i c s inaction did increase m the tune period 
after states set higher graduation requirements. Were 
increases the result of changing slate requirements? 
The 15)90 CCSSO data show that states requiring 25 to 
3 credits (13 ^es in mathematics, 6 states m science) 
had an average of 10 percent higher emollments overall 
in mathematics and science than ^tes requiring two 
credits (34 states mathematics, 38 states science). The 
h^-requirement states have two to four percent more 
students taking upper level science and mathematics 
. courses (eg, chemistry, physics, geometry, algebra 2, 
trigonometry) (Blank and Dalkihc, 1990). Thus, the 
cross-sectional data from 1989-90 show that students 
take more courses m states with higher requirements. 
However, they do not necessarily take higher level 
courses. Data show there is a weak relationship 
b^«%en ^e requirements and enrollmeitts in upper 
level science and mathematics courses. This issue will 
be studied further as state trend data are avaflable 
throu^ CCSSO. 

In sum, course taking data indicate that American high 
school students are now taking more science and 
ma th ematics courses in high school at all levels, and the 
data suggest that state policies are related to the 



2 Hie avenge ounber of credits canted a matlttmatics iaoeased 
fiwn 24 in 1982 to 2.98 in 19S7 (these statistici ifldwfed Uiwct level 
cnnses ncfa as general matlieinatics and pre-olg^), awl the 
average innAet of oediu in sdeiwe increased firom 2.19 in 1982 to 
2.63 fai I9S7, wfakh is an iocicase of half a credit in each subject 
(Kolstad and Hmoe, 1989). 
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increased enroUments. However, the rates (tf increased 
course takh^ are smaller for more advanced courses 
such as chemistry, phj^cs, trigtmometry, and calculus. 



2. Has the Supply of Qualified Teachers in 
Science and Mathematics Improved? 

C^itral to policy reforms in the 1980's many states 
b^an bitiatives aimed at imjMtmng the suj^y and 
quality of teadiers. State pdkbs mcreased incemivcs 
f(»- emering and staying in teachmg. Fch- example, many 
states raised tte minimum pay scale for teachers, and 
aboia half e^Uished alternative cenificatimi policies 
(CCSSO, 1^). States also developed ban and 
sdioUtfsh^ iff<^rams in crkical teadiing fiehls. At the 
same time, ^ates raised standards for becommg a 
teacher. For example, by 1^ aU states had spedfic 
state requirements for the amount c>f subject area 
preparation for certification of science and mathematics 
teachers (Blank and Espenshade, 1988). In addition, 36 
statK mandated written tests of teacl»r knowledge for 
certification (ETS Policy hiformation Center, 1990). 

These pdicy initiative resj^mded to predictions that 
supply of qualified teachers was dedining and existing 
teachei^ were insuffidently prepared, particularly m 
science and mathematics. Now, as we enter the 19%'s, 
it is important to assess whether the condition of the 
teachii^ force in science and mathematics has improved 
and wfaetlKii- predicticms erf severe shortages in the 
1990's are still hkely. One of the major objectives under 
Goal 4 on sden(X and mathematics is to "inoease by 
50% the number trf teachers with a substantive 
bad^ound in science and mathematics" (National 
Governors Association, 1990). Two national panels have 
recently outlined the need for improved data on teacher 
supply, demand, and quality (National Research Council, 
1990; NEGP, 1991). At present, some data are available 
from the NCES Schools and &afiing Survey and the 
CCSSO Science and Mathematics Indicators to assess 
key mdicators of suppfy and shortage of qualified 
science and mathematics teacters. 

Current Teacher Supply in Science and 
Mathematia 

In 1989-90, there were approximately 111 thousand 
teachers of mathematics and 102 thousand teachers of 
science in public high schools in the ^ states and the 
District of Columbia (Blank and Dalkilic, 1990). This 
compares with 108 million students in grades 9-12 
enrolled in public schools, (NCES, 1990), or an average 

5 



of 107 students per miOhematics teacher and 116 
students per sconce te^dier*' 

Ccmsidering these owrall numbers of studrats and 
teachex^ what data are availal^ to tell us if the supply 
teachers fcH- our schoc^ has imi^roved cf cfedined? 
A first level of analysb is i^Aether stbxxA districts are 
able to hire teachrrs to ]mt is science ami mathem^ks 
classrooms, le^ the availability of new or cratinuing 
teach^ without omsidexing teacher quality. 

o Um attritira rate ci temdiers. The si^pfy of 
teachers did mat draline durix^ the IQSO's due to high 
^trftioa The attrition rate of teachers is now relatively 
low-about S percent p^ year scknce and 
mathematics teachers as well as for all [HiHic schod 
teachers (Bd)t^ 1991). However, attrition rates are 
higl^ for te^j^srs in the physical sdenc^ due to mcM^e 
prc^essional oppc^unitibs outside of teachix^ that offer 
significantly hij^ pay (Mumane, et al, 1988). 



o Ttecbra itmdiii^ retirannt age varies by state; 
1^ of rrtirairatwiU kinase tfi nsM 1990^^ Data on 
the ages of current teachers allow projecticms of 
pcMentialslu^tages due to retirements. Ini;^90,^te 
data sbow^ that 19 percestt high schocrf mathematics 
teadM»s ax^ approximately 22 percent of science 
teachen were over age 50, ^fAsak 21 percent all h^ 
schod tead^ were over age 50. Thus, as a natioxial 
average, sd^^ and mathraiati^ teachers will wsi be 
retiring more xajmOy than other teachers. However, the 
iropcaticm crfsdaxcc and mathematks teachers ovct age 
50 varin by state from 10 pemnt to over 30 perwnt. 
A shOTt^ (^sdenw and xn^hemaiics teachers can be 
anticipated in a few ^es that have much higher 
percexxtages ci their teacfaixig forc^ over 50 than other 
^te& These states include MinnescAa, Delaware, 
Caltfomia, Michigan, and lUixiois (Blank and Dalkilic, 
1990). Frojecdcms by NCES diow that attrition rat« 
will rise to afanost 10 percoit after 1995 due to 
increasing retirement (NCES, 1989). 



Percentage of Teachers Over Age 50 

Math Biology Chemistry 



Physics 



National 
Average 


19% 


20% 


22% 


23% 


California 


26% 


21% 


23% 


22% 


Conneaicut 


20 


24 


27 


29 


Delaware 


28 


23 


41 


29 


Illinois 


23 


28 


30 


32 


Midiigan 


24 


26 


33 


29 


Minnes(^a 


29 


30 


45 


43 


Wisconsin 


21 


27 


28 


30 



Blank and Dalidlk, 1990 
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o More new hires (ran rcserre pot4 and mm cdlege 
graduates in science and math edncatfon* In 1987-S8, 
about seven percoit of all teaebm yfttc new hirn 
(NCES, 1991a). This rate was constant during tl^ 
1980'$ qOrby, ct al, 1991). However, m the i9^s 
school districts depended less on new ccSltgfi graduates 
for new hires than in the past NCES found that in 
1988, only 26 percent of x^w hires were first-year 
teachers pioUei^ 1991). In some districts, over half 
of new hires were from the 'reserve poof dl teachers 
who 

3 Students per tewhcr avemgci adjusted by the number of pan- 
time teactK!^ €^ sdeocc and mathematksM 
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left teaching and returned (NRC, 1990; Kirby, et al, 
1991). Hiric^ from the rnerve pool went up shar]3ly is 
the 1980's. At tbR same time, efforts in the 198G's to 
encourage more science and mathematics teachers 
appear to have worked because the number of new 
certified college graduates in science and mathematics 
teadiing incr^ed (Lauritzen, 1990). The number of 
1968 cdlege graduates with majors in matfaem^ics 
education was more than twice the number m 19S2 
(2,250 vs. 1,000), and the number of gr»luates with part- 
time majors ia science education doubled in the same 
period (2,200 in 1988 vs 950 in 1982) (NCES, 19S5. 
1990). 



il 



o SiKtttage <^ dimistiy aad ptysia U»dms, 
Nalksial data for the 1987-88 schod year show that only 
Mc percent of afl teaching positK»s were unfilled 
(NCES, 1991a). However, school principals report that 
plqsks and dwmistiy teadurs are hanter to hire *^»« 
teachers in any other field (Weiss, 1987). According to 
state data in 11 states, there are more h^ schools than 
the t(AaI number of as^ned cbemii^ teacbsrs, and in 
28 states there are more hi^ schools than the ttOal 
number of assigned physics teachers. The number of 
assigned physics teachers is less than cme-half the 
number of high schook in minds, Michigan, Mississippi, 
New Hampshve, Oklahoma, and Utah (Blank and 
DaDdlic, 1990). 

Supply of Qualified Science and Mathematics 
Teachers 
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Percent of Mathematics and Science 
Teachers Assigned Out-of-Field 
(30 States) 
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To address the question of whether there is an adequate 
teacher supply also requires applicatitm of a criterion of 
a 'qualified' teacher in science and mathematics. For 
example, the criterion u^ by the National Education 
Goals Panel is the proportion of science and 
inalhematics teachers in each state with a college major 
in their ass^ned field of teaching (NEGP, 1991). 
Am^her definition of qualified has been based on the 
standards established by the professional science and 
mathematics teacher associations (Weiss, 1989; National 
Science Board, 1989). A definition often used by stales 
is whether a teacher is state-<£rtified in the assigned 
teaching field (Blank and Dalkilic, 1990). Data are 
av^ble to examine the supply of qualified teachers 
using several diiTcxent indicators. 

o 1 of 11 sdeoce and mathematics teachen not 
certified in assigned field (ass^ned out-of-field). 
CCSSO data firom states show that nine percent of high 
school mathematics teachers are ncH certified m 
mathematics, and eight percent of biology teachers, e^t 
percent of chemistry teachers, and 12 percent of physics 
teachers are not certified in these fields.' State-by-state 
anatyses of teacher certification show that some states 
have 20 to 30 percent of mathematics and sdence 
teachers assigned "out-of-field* while a few states have 
no teachers ass^ed ont-of-ficld. The state data show 
that states with more out-of-field teachers have many 
small, rural districts (e.g. South Dakota, Illinois, 
Mississippi) or states ejqjeriendng rapid population 
growth (e.g. California). 

4 These figurtsiwdude teachers wiOj a primaiy, second 
period assignnicDt. 



OulH3f-FKkl°Not Slate cenificd in assigned field 
Blank and I^lkilk. 1990 



o One-half of sdence and mathematics teacbeiv 
nv\jored In their teaching field. The NCES Schools and 
Stafiing Survey provided data on the proportion of 
teachers in sdence and mathematics with a college 
major in their assigned teaching field. The data show 
that 42 percent of aO high school teachers of 
mathematics have a mathematics major, and 54 percent 
of all teachers of sdence majored in a sdence field. 
The percent of teachers with majore in malhematici 
varies by state from 20 percent (Louisiana) to 62 percent 
(Kentudcy), and in sdence from 31 percent (Louisiana) 
to 73 i^rcent (Minneswa, Missouri) (Blank and Dalkilic, 
1990; National Education Goals Panel, 1991). Table 3 
(attached) provides slale-by-stale percentages of 
teachers that majored in mathematics, mathematics 
education, sdence, and sdence education. 



Equity in the Teaching Force 

Ancoher consideration u analyzing the supply of sdena 
and mathematics teachers is equity, Le., the extent to 
vWch gender and race/ethnidty of teachers matches the 
characteristics of students. Oakes (1990b) found that 
the mc of partidi^tion of female and minority students 
in sdence and mathematics rourses is related to the 
presence of female and minority teachers. 
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o Tbt propwtira of female teactav in Kl»ce and 
mathem atics varfcs ni^ly Iq^ state. The miy<Kky 
hi^ school scknce ami mathematics tead^rs are male, 
but the gender flisti3>ittira varies by field and by state. 
FcHT exampde^ 4S percod; mathematics tead^ are 
femate, vAiSit 22 percent of phydcs teachers are female. 
The pen^ d female teachers in m^ematks varies by 
slate from 21 pocent (Minnesota) to 69 percrat (South 
Carolina), and Iho i^rcent of female teachers in physics 

Gender of Mathematics and Science 



Teachers 





Femate 


Pncent 
Male 


Mathematics 


45% 


55% 


Biology 


37 


63 


Chemisby 


34 


66 


Phyucs 


22 


78 


AU PubUc High 
1 School Teachers 


50 


50 



Blank and Dallolic, 1990 



varies by state from 10 percent (Michigan, Minnesota, 
Utah) to 49 percent (Alabama) (Blank and Dalkilic, 
1990). 

o Shorta^ of minority teachers in all sdrace and 
mathematics fields. State data on the race/ethnidty of 
high school science and mathematics teachers show that 
there is a wide disparity between the suppfy of minorUy 
science and mathematics teachers and the number of 
minority students in virtually all states. Hie proportion 
of minority teachers are: mathematics-11 percent, 
biol^gy-lO percent, chcmistiy-7 percent, and physics-S 
percem, whUe 11 percent of all high school teachers are 
from minority groups (Blank and Dalkilic, 1990). The 
studem population in oar public schools is 32 pero^nt 
minority. Table 4 (attached) smnmarizes the state^l^- 
state data on minority teachers and minority students. 
From 19S2 to 1(?$7 the percent of afl public school 
teachers that are from nainority groui» increased two 
percent (from 8 to 10 percent), and the proportion of 
teachers who are African-American declined by one 
percent (NCES, 1990). 



Minority and Wldte Teacliers in 
Mathematics and Science 



1 


Minority 


Percent i 
WhUe 1 


M^ematics 


11% 


89% 1 


Bidogy 


10 


90 


Chemistry 


7 


93 


Ph^ics 


5 


95 


All Public 
High Schools 


11 


89 



Blai± ind D^Okilk, 1990 



o Fewer qualiCed teachers in schools %iith high 
percent ofdisadvanti^d and minority students. Oakes 
(1990a) ana^zed the quaUfications of science and 
mathematics teachers by student and school 
characterises and found that inner-dty schools and 
schools with more disadrantaged and minority students 
hayt a ^nificantly lower proportion of wcll-qualificd 
teachers than c^er schools. 

Other Factors in Analyzing Teachers. The data 
presented here on supply and shortages of science and 
mathematics teachers i»'Ovide some indicators of the 
condition of science and mathematics teaching in our 
schools. To obtain a complete analysis, several other 
factors should be considered. Fa example, a key 
variable is the effects <tf increased demand in the future, 
such as from higher enroUments in high school and 
mathematics. T1» data ham addressed teacher supply 
and shortages in high schod sdeno? and mathematics, 
but shortages of qualified teachers may be more acute 
at the middle school/junior hi^ level. AJso^ recent 
research has found that the average elementary 
classroom teacher has poor jn'eparation in science and 
limUed preparation in mathematics (Wdss, 19^). 
Fmally, the indicatoi^ of ''qualified teachers" do not 
measure actual teaching skills or practi^ rather they 
measure the teacher's preparation for teuiching in their 
subjed. The National Education Goals Panel has 
recommended the coUe^cm and reporting of more 
detailed inform^ion on tcachix^ skills and practices. 

In stun, the ctirrent data on science and mathematics 
teachers lead to three genera! findii^: first, some 
indicators of teacher sh<^ages have improved since the 
early 1980's; second, teacher shortages vary by specialty 
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within science and mathematics and by ^ate; and, third, 
the criterion oi a "qualified teacher" needs to be 
sj^cifibd to detemii^ shortages sckuux and 
mafhemafics teachers. We also kncHV that shortages are 
greater in certain types of school districts and schools. 

3. Are Students Learning More Science and 
Mathematics? 

The National Assessment of Educational Progress 
(JSAEF) has been monitorii^ the knovsiecj^ aird skiUs 
(^American students in science and math^muics since 
1970. Nationalfy-rej^e^iUative samptes d stidents at 
ages 9, 13, and 17 have been assessed emy two to four 
3^ears an science and mathematics. The use ct onnmon 
te^ items over time in NAEP provides a ba^ for 
measuring achievemeitt trends. The recent NCES 
report Trends in Academic Progres^i^ provides details on 



the extent oi im{Hm»ient in science and mathematics 
teaming of mudents sinra 19S2 ^cn ^ate reforms 
bq;an (NCE^ 1991c}/ 

o Aw&rms^ Mlifen^M^t in sctence and mathematics 
Increased sUgbtHsrfhiiB 1982 to 1990» NAEP proficbncy 
scc^ <bcfiKd finma 1973 to 19^ in bcAh science and 
matlmnatics. From 1^ to 1990, NAEP »:OTes showed 
^gnificant imj^rovemem b sden^ at ages 9 and 17 
(£rom 221 to 229p 283 to 290) and in mathem^cs r.^ 
ages 9 and 17 (219 to 230, 299 to 3QS). During the samt 
period, NAEP scores s!h>vi^ less improvement in 
science and matlu^matics at age 13. Levels of 
ach^vemem in science and mathematics are about the 
same as they wre 20 years ago, and leading educators 
agi^ that much improvement is needed. However, the 
NAEP trends do show that progress has been made 
during the 19S0*s in increa^i^ science and math 
learning. 



Achievement Trends in NAEP 



Average NAEP Profidency Scores from 1982 to 1990 


Science 


19S2 


1990 


Mathematics 


1982 


1990 


Age 17 


283 


290 


Age 17 


299 


305 


Age 13 


2S0 


255 


Age 13 


269 


270 


Age 9 


221 


229 


Agc9 


219 


230 



NCES, 1991 Trends In Academic Progress 



Mathematics and sdence educators have pointed out 
tliat the NAEP achievement trends are based on 
infcvmation from multiple choice questions. Even 
though the trend results are valuable, multiple choice 
items largely asse^ students* factual knowledge rather 
than student learning and skills in problem sdving and 
apjdication. Some changes are being made in the 
NAEP design. Beginning with the 1990 mathematics 
assessmeid and the 1994 science assessment, the 
subsequent NAEP trend results will ina>rporate new 
open-ended items and other alternate methods of 
assessment. 

o Ii^reased achievement of African-Americans in 
sclenec and mathematics/ Although the achievement 



levels of African-American indents continue to average 
bdbw tSx level of white ^udents, the gap in 
achievement tetween African^Americans and whites has 
been reduced in both science and mathematics sbce 
1982. As shown on page 9, the scores of African- 
Americans in science improved significantly at ages 9, 
13, and 17 in the 198^, with the largest gain at age 17 
of IS pcrints. Afri«n*American studc^' scores in 
mathematics also increased signifiomtly at all i^es, with 
n 17 pomt inaease at age 17 (NCES, 1991c). Smith and 
OT>ay use the NAEP trend data to show that there has 
been con^derable process toward the goal of equality 
of educational outcomes since 1966, even though there 
is still much more progress needed (1991). 



5 NAEP scores ait rtported oo a profickncy scale that tanges fwm 0 to 500. 

6 The NAEP trend data aie also reported for Hi^ic students. This population also showed improved achievement, although with a Mttcm by 
B]^, subject, and level that is somewhat difTcrcnt fitan Africajj-American slwdents. 
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Achievement Trends in NAEP for Aikican-American Students 



Average NAEF Tn^xkacy Scores from to 1990 





1982 


1990 


MaU»matics 


1982 


1990 


Age 17 


235 


2S3 


Age 17 


272 


289 


Age 13 


217 


226 


Age 13 


240 


249 


Age9 


187 


196 


Age 9 


195 


208 



NCES, 1991 TrencH In Acadenw Ihrogreg 



o Stiideiit proQdenqr in mathmatics ImproviBg, but 
still low. llie Natk>nal Educaticm Goals I^el reported 
the 1990 NAEF maThemarks scorn ifl its first report in 
Sejnonber 1991, and oonchuied that at grac^ 4, 8^ and 
12, less than 20 percent di ^dents demonorated 
*compele0cy in mathematics for their gracfe level 
(1991). NAEP treml data are reported proficiency 
levels, and 1990 results indicate that the majority df 
students are prdident at a level of m^l^matics tl^ is 
belo^' what could be expected for their age and graded 
However, the trend data also show that mathematics 
proficiency has improved at aO grade levels, vnsh ihc 
most improvement at age 9. The ti^ds by age and 
proficiency level are shown on page 10« 

o Among 17 year olds, only 7 j^rcent scored at or 
above the mathematics level indicating proficiency 
^th algebra and geometry and multi-step problem 
sohong (i.e^ jmpared for ath^ced ms^ematics 
beyond high school). Frcnn 1^ to 1990 the 
percentage of students at this Icwl increased only 
one percent The percent of 17 year olds at or above 
the next lowest levd-profidency in fractions, 
decimals, percents and simple algebra and geometry- 
-increased from 49 percent to 56 percent. 

o At age 9 (about 4th grade), 28 pncent of students 
scored at or above the j»x>&dency level of munerical 
operations with multiplication and dindon and 
be^uux^ problem sd^^ng, wliich was a 9 penent 
increase fince 1^ At the next lowetf te^- 
proficiency in additive num^ical operatkw and 
prc^Iem solving with ^liiole nuinbers--82 percent of 
the nine year olds were profident, vAick was an 11 



percent increase from 1982 (NCES, 1991c). 

o At 1^ 13 (about ^ grade), 17 perc^t of students 
srared at or abora the profickncy level of 
fractioiis,dedmals. percents, and simple algebra and 
geometry, and this represented no change owt 1982L 
In 1990, 75 percent of 13-ycar olds were profident at 
the next lowest level-numerical operatioxis with 
multiplication and division and beginning problem 
solving, and this percentage increased by 4 percent in 
the 1980V 

o State-by*^tate matheroati^ results show nide 
variation In leamii^ In 1990, NAEP conducted a Trial 
State Assessment oi public school ^udents in 
mathematics at grade 8, The results provide the first 
state*by-$tate comparisons on mathematics profidcnc)' 
of U.S. eighth graders (NCES, 1991b), 

The 1990 results ^owed wide variation in mathematics 
knowledge and skills within and between states. The 
I^centages of students scoring at the profidcncy Icvci 
of reasoning and problem solving with fractions, 
decimals, percents, and simple algebra and geometry 
(300 scale level), varied state from 24 percent of 
students in North Dak(Ha to 2 percent of students in the 
District of Columbia. At the proficiency level of 
multiplication and division and two-step problem solving 
(250 scale kwf), siai^ percentage varied from 88 
percent eigltth graders m North Dakota and Montana 
to 43 percei^ in Louisiana (NCES, 1991b). As compared 
to fmvious NAEP assessments, the 1^ mathematics 
assessment had a sut^tantialty greater emphasis on 
problem sdving in each mathematics OHitent area and 
the 1990 assessment required use of calculators,* 



7 Panels ^ teachers and omtbematks ^ucatteit levieMd sod nied tht mathematks content of NAEP questions thtl dearly differentiated sivdent 
performance at each pn^^ncjr levtl (NCES, 1991b). 

8 Tl» a^'icssfltcnt objectives for the 1990 mathexnatks assess^ Council 
ot Ctkt Slate School Ol&eis (CCSSO, 198S). The pnmss iavotvcd icpicaeiitatlvcs from nxathetna^ matliematia education, admimstntois, 
pdkynxakexs* and tlie participating ^alcs. Tbe assesmsenl ob^^ctiwes icted heraly on ibe new Curriculum and Evaluation Standards for Scttool 
Matl^taatics (19S9) pioduced by the Natl^ial Council of Teacheis of Matt^matks. Tlie NAEP pfofkkncy scor^ by state reflect student peifonnanre 
on tbe new qi^$tions for 1990 coaM>ioed with perfionnafffie on the questiom used to repcm trends over tnne* 
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NAEP Tk«ids in Mathematics by ProGciency Level 



Percsntages Studems at Poor Levels 
from 1982 to 1990 



Profidency Level 


Age 


1982 


1990 
7^ 01 oiuacms 


Al^bra, gexmetiy, mubistep 
proMem sdving (3^) 




6% 


7% 


Fractions, decimals, percents, 
simfde algebra & ^metiy (300) 


17 
13 


49 
17 


56 
17 


Multiplication, di\isi<m, 
basic prot^m sohiog (2S0) 


13 
9 


71 
19 


75 
28 


Additive numerical oper^ons 
(200) 


9 


71 


82 1 



NCES. 1991 Trends in Atad^nir P roara 



o NAEP mathematics scores are related to course 
taking in mathematics. The 8ih and 12th grade 
students taiung the 1990 NAEP mathematics assessment 
reported on their current and previous mathematics 
course taking. The daU show that 39 percent of 12th 
grade students took four years of high school 
mathematics. The average achievement score for these 
students was 36 points higher than students who had 
taken less than three years of h^ school mathematics, 
or ahttost the equivalent of one level on the proficiency 
scale (NCES, 1991b). The 1990 results demonstrated a 
strong positive relationship between level of course 
taking in mathematics and mathematics achievement at 
both Sth and 12th grades. 



Summaiy of Findings 

Slates undertook many policy initiatives in the 1980*5 
with the goal of simulating improvemwiis in the quality 
of education. Recently educators, scholars, and 
policymakers have questioned the effects of the state 
rcf<mns on c ha ng in g education in schools and 
classrooms. Students are takii^ more science and 
mathematics courses in high sch(X)l at all levels, and the 
data suggest that state policies are related to the 
increased enroDments. However, the rates of increased 
course taking are smaller for m<H-e advanced course 
such as chemistry, phj^cs, trigonometry, and calculus. 
The data indicate that some Astcs have made 
significantly more progress than others m encouraging 
more students to pursue study in science and 
m a t hem atics. State graduation requirements have bad 
limited success in increasin*» . ady higher level science 
and mathematics, indie that other reforms at state. 



di^ici, or school levels are needed to accomplish this 
objective. 

Trend Malyscs of NAEP assessments in science and 
mathematics show that proficiency scor» have increased 
somewhat since 1982. The average achievement of 17- 
year-olds increased signiHcantly in science and 
mathematics, and the achievement of 9-ycar-oId5 
increased significantly in mathematics. The rate of 
improwment in NAEP proficiency scores has been 
greater for African-American students than for while 
students m science and mathematics, and the gap in 
achievement has been reduced. The NAEP achievement 
results showed a strong, posUive relationship to the 
amoimt of coursework in science and mathematics. 

Although some progress was made in the 1980's, NAEP 
results in mathematics indicate that much improvement 
still needs to be made. A majority of students' 
mathematics knowledge and skills in mathematics are 
lower than what mathematics educators expect for 
students at grades 4, 8, and 12. Much of the 
improvement in NAEP mathematics scores in the 1^'s 
was at the profidency levels invohing nmneral 
operaticms and beginning pr(^lem solving. As we move 
into the 1990*s, mathematics educators are emphasizing 
that all students need to learn mathematics reasoning, 
higher level problem solving, and appUcaiions (NCTM, 
1989). M^ematics educators and science educators are 
recommending that NAEP assessments move away from 
rdiance on multiple choice items toward testing 
methods that give better infonnation about ^udcnts 
skills m problem solving and application of knowledge, 
such as open-ended items, hands-on exercises, and 
portfolios. 



Many of the state policy initiative were aimed at 
improving the aiul quality of leaders. 

Natiosially. there are ^atlases <rf sconce and 
mathematics teacten but predictions of severe shortages 
have not materiafized as of 199a There arc several 
nasoos; the ^tritim rate soenoe and mathematics 
teadheis is low and it has not increase durh^ the 
1980*s; many aqierienced teachers have returned to the 
classroom; and, the number of new graduates in sdentx 
and mathematics teaching has j^Mtt up. 

There are shortages of qualified high school science and 
mathematics teachers, as measured by the nuniber of 
teachers assigned out tl^ ^d of certiScaticm and 
by the proptation of teachers with m^c»s in thdr 
assigned fields. Shorta^ oi quali&d teachers vary 
widely from stale to state, and shortages are much 
higher in di^ds vnSh moxe poor and mmority indents. 
Some stales with more older teachers are likely to 
experience shortages d science and mathematics 
teachers in the 1990's. In additira, a number states 
currently have shortages of qualified cbemisliy and 
physics teachers. Slate or local efforts to increase study 
of upper level science and mathematics could produce 
further shortages. However, the capacity of school 
districts to hire new teachers and offer new courses may 
be restrained by the present budgetary problems in 
many states. 



Table 1 — 

ELATED PROPORTION OF PUBUC SCHOOL STUDENT TAKING SELPrTPn m.™« 
COURSES BY GRADUATON ^^^^^C™ MATHEMATICS 



STATE 

ALABAMA 
ALASKA 
ARIZONA 
ARKANSAS 
CALIPORMA 

COLORADO 
CONNECTICUT 
DELAWARE 
I DC 

I FLORIDA 

CECXRCU 
HAWAII 
IDAHO 
I ILLINOIS 
INDIANA 

IOWA 
KANSAS 
KENTUCKY 
LOIJISIANA 
(MAINE 

MARYLAND 
MASSACHUSETTS 
MICHIGAN 
MINNESOTA 

Mississim 

MISSOURI 

MONTANA 

NEBRASKA 

NEVADA 

NEW HAMPSHIRE 

NEW JERSEY 

NEW MEXICO 

NFWYCWX 

NORTH CAROUXA 

NORTH DAKOTA 

OHIO 

OKLAHOMA 

GKEGQN 

PENNSYLVANIA 

SOUTO CAROLINA 

SCHmi DAKOTA 

TENNESSEE 

IQCAS 

UTAH 

VER\K)NT 

VIRGINIA 

WASWNCTON 

wEsrvmcMA 

WISCONSIN 
WYOMING 



U-S. TOTAL 



ALGEBRA 1 
(FomulMaihLevgll) 

70% 



88 
92 

74 
73 
65 
78 

52 

95* 

77 

92 
66 
81 

95-^ 
84 

94 



90 
85 

9J 
94 

75 
90 



954- 
69 
67 
95 

80 
95* 

88 

69 

79 
82 
82 



81 

73 
79 
73 

81« 



^UX}EBRA2 
(FomttlMwhLcvel3) 
46% 



48 
44 

61 
43 
39 
42 

33 
64 
39 
45 

SO 
47 
54 
64 
64 

51 



55 
58 

58 
65 
54 
32 



47 
46 
51 
64 

47 
60 

57 



55 

54 
54 
63 

55 

42 

36 

29 

79* 



CALCULUS 
_(Fonntl M«ih Leve l 5) 

6* 



5 
9 

14 

17 
3 
9 

4 
6 
9 
8 

9 
9 
6 
4 

13 



12 
3 

8 
6 
6 

5 



8 
12 
S 
3 

8 

8 

16 



4 

5 
13 

II 

2 
9 

S 



»r--^I2inMl989(SecAppcnS^S^J^^ 
AIfebnlpacai«|8*iDdiidefi^e& --r.^iBPVB»i«wco«nBUkia|iwt («Ap|wodSxCfor *^ 

Co««flrfCh«fSu«SdK»10ffi«n.S«cEd«.,i«^2^^ 



12 



13 
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Tables 

PERCENTAGE OF MATHEMATICS AND SCIENCE TEACHERS 
WITH COLLEGE MAJOR IN HELO 




OL wHh Mte^ Mafof 


TfifiChMTS of Scteftfio 


TsKtwrsof Math 
% wHh Maiw in Math 


Tstthars 01 Sctsnoe 
% ivith MaJw in Scisme 
or Scififtoo Educaton 


A] AQAUA 












25 


48 


32 


55 






43 




51 




37 


41 


63 


54 


CAUFORNIA 


33 


SZ 


37 


54 






oo 


ss 


7S 


c(»«£crncuT 


43 


85 


57 


67 












OiST OF COLUMBIA 


— 


— 


— 


— 


FLORIDA 


26 


56 


60 


67 






fid 


78 


62 


HAWAN 










IDAHO 


33 


47 


60 


52 


nimois 


51 


56 


67 


63 


INDIANA 


37 


50 


59 


65 






Sfi 


84 


fiS 


KANS/^ 


44 


41 


74 


44 


KEffTUCKY 


62 


sr 


73 


57 


LOmSiANA 


20 


31 


55 


44 


MAINE 


22 


48 


49 


57 




90 




«v 




MASSACHUSETTS 


51 


59 


61 


62 


MC^«GAN 


47 


56 


71 


68 


MMNESOTA 


54 


73 


75 


82 


NHSSlSSiPPi 


49 


46 


77 


72 








71 

V 1 


76 


MONTANA 




54 


62 


66 


NEBRASKA 


32 


47 


67 


55 


NEVADA 








*» 


NEW HAMP^IRE 










NEW JERSEY 


S3 


71 


73 


82 


NEW MEXICO 


54 


47 


57 


54 


NEW YORK 


49 


58 


67 


69 


NORT» CAROLINA 


26 


49 


GO 


64 


NORTH DAKOTA 


28 


61 


65 


74 


OHO 


44 


61 


66 


71 


^CLMOMA 


24 


41 


52 


56 




31 


88 


42 


66 


PENNSYLVANIA 


41 


55 


83 


81 


RHO{£ ISLAND 










SOUTH CAROUNA 


47 


58 


68 


78 


SOUTH DAKOTA 


40 


38 


65 


44 


TENNESSEE 


46 


33 


57 


44 


TEXAS 


42 


51 


60 


67 


UTAH 


24 


32 


40 


37 


VERMONT 










VnOiNlA 


sr 


74 


71 


77 


WASHtNQTON 


27 


36 


43 


43 


WESTVmt^lA 


44 


47 


74 


58 


WISCONSIN 


49 


66 


78 


77 


WYOMING 


31 


39 


55 


49 


U.S7U1AL 


42% 


541. 




W^E 


^MiMbk$^Mti Mia 





Seurot: Schools and Staffing Swvoy. PuMc ^hc»( Taachors, Ntiional Cmtsr for Bluoation Satisfies, Spring 1988 
Council of Chtof ^ata Sehocri Offioare, State Education Assassnwnt Cantof , Washington, DC, 1990 
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STATE 



Malh 



Btotogy 



fflHgh Schools 



MAINE 

IOWA 

IDAHO 

MONTANA 

UTAH 

NOTTH0M(OTA 
KENTUCKY 

KANSAS 
RHODE ISLAND 

WISCONSIN 
WX) 

PENNSYLVANIA 

M(CK«QAN 

NEVADA 

COLORADO 

CONNECTICUT 

ARKANSAS 

OiOAHOMA 

VIRG^ 

DELAWAF£ 
NORTH CAROUNA 
NEW JERSEY 
iARCSONA 
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3 
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13 
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